This paper presents an estimation of performances by tests on composite material structures. In order to evaluate the effects on the structural behavior, tests changing the percentage of orientation of the fiber at 0, 45 and 90 degrees and mixing the unidirectional plies with the fabric ones have been done. Fixed the lay-up configuration and so the stacking sequence, two typology of structures have been analyzed; the first one having only unidirectional plies while the second one having a fabric ply (plain weave 0/90) in place of the top and bottom unidirectional plies. The openhole compressive strength and the filled-hole tensile strength and moduli have been characterized by test. A total of 72 specimens have been used in the test campaign. In order to well compare the test results a Performance Weight Index (PWI) has been introduced by authors in order to normalize the strength of each laminate with respect to its weight/unit of surface. Results and different laminate behaviors have been evaluated and discussed.
Introduction
A composite material is a macroscopic combination of two or more distinct materials, having a recognizable interface between them [1] . Generally, this combination brings in superior products. This practice started in the antiquity when, for example, mud bricks were reinforced with straw to build houses and it arrives to the modern age with the reinforced concrete. Modern composites owe much to glass fiber-polyester composites developed since the 1940s. In the early 1960s, the emergence of boron filaments gave birth to a new generation of composites. These composites, which employ high modulus continuous filaments, like boron and carbon (or graphite), are referred to as advanced composites. The term composites or advanced composite material is defined as a material consisting of small-diameter (around 6 to 10 microns), high--strength, high-modulus (stiffness) fibers embedded in an essentially homogeneous matrix [2] . The use of composite materials increases day-by-day and not only for their structural properties but also for electrical, thermal, tribological and environment applications. In aeronautical and aerospace industries, composite materials are largely used thanks to their high properties/weight ratio. Pointing towards this way, a pollutants reduction (in terms of CO 2 ) or alternatively greater range (endurance) or flight speed can be achieved.
The technological innovation of the past decade has positively impacted the manufacturing costs such to decrease them drastically. However, notwithstanding this manufacturing costs reduction, the application of the composite materials on primary aircraft structures is still waiting to take-off in a complete way. The main reason is the behavior of the composite to the failure that obligates the aeronautical industry to do a lot and expensive tests in order to certificate the structures and each of their components [3] . In fact, even if many studies have been performed [4] , the behavior of the composite in proximity to the failure, or after that it has occurred, is still not so known. Despite the uncertainties in the failure behavior, progress have been reached in the aviation industry about the use of composite materials. In fact, the application of composites have increased from 2% for airplanes like MD-80, Boeing 757 up to 47% in Boeing 787 Dreamliner [5] . The participation of composites is even greater in lighter airships and sailplanes, and in the so-called light airplanes [6] . Additional studies have been started in order to increase the performances of the structures realized in composite materials without compromising the weight reduction. In that direction is focused this study. The presents research activity has the purpose to characterize the effect on the structural behavior, in terms of strength and moduli, of the unidirectional carbon ply replaced with the carbon fabric (Plane-Wave) one. Fixed the lay-up configurations and so the stacking sequences, two typology of structures have been analyzed; the first one having only unidirectional plies, while the second one having a fabric ply (plain weave 0/90) in place of the top and bottom unidirectional plies. The open-hole compressive strength and the filled-hole tensile strength and moduli have been carried out. A total of 72 specimens have been used in the test campaign. In order to well compare the test results a Performance Weight Index (PWI) has been introduced by the authors in order to normalize the strength of each laminate with respect to its weight/unit of surface.
The use of fabric as top and bottom plies in the laminate is mainly guided by a great technological advantage in the manufacturing process of the composite part. For example, in the drilling activity, the presence of fabric plies reduce the risk of delamination. Additional splitting of the specimens was done for the three analyzed layups as shown in Table 1 . 
Specimen, experimental set-up and facility
The open-hole compressive (OHC) and the filled-hole tensile (FHT) tests were performed in this work. The topology of tested structure was identified with the acronym "UD" and "F" that indicate the structure realized with Unidirectional Ply only or those having Fabric ply as top and bottom lamina. A test batch of six coupons for each configuration was manufactured and the samples were obtained by cut from a large sheet after the lamination process. A total of 72 specimens were used in the experimental campaign. As above mentioned, three lay-up configurations, for both structure topologies, were tested. in the case of structure having plain weave fabric. It is evident that these are apparent percentages since obtained replacing the 90°/0° top and bottom plies with one plain weave fabric ply. The fabric ply is manufactured by two unidirectional fibers oriented at 0° and 90° weaved between them; this allows that mechanical properties of the fabric lamina are close to that of two unidirectional fiber oriented at 90/0, with the advantage to have less smaller thickness. Since the materials used are copyrighted, no further details were reported in this work like i.e. the type of manufacturing process used, the carbon fibers and resin used for the reinforcement and for the matrix or the curing process. The aim of this activity is to investigate if the use of one fabric ply instead of two unidirectional ones can positively affect the behavior of the structure in terms of strength and moduli. The hole diameter is equal for all the specimens and it is equal to 4.826 mm.
The experimental activity was performed in the laboratory of Industrial Engineering Department (Aerospace section) of the University on Naples Federico II. The mechanical tests were performed using the Lonos Test AMPTLT035 PMA60 Galdabini test machine (Fig. 1) . The test machine is composed of mobile upper part that, thanks to electrical actuators, can slide up and down with respect to the fixed base. The facility is equipped with load cell and displacement sensor able to perform Force Control Tests and Position Control Tests, both managed by a software installed on a control unit. The maximum allowed load in both tensile and compressive tests is 660 kN.
Tests results

Open Hole Compression Tests
The Open Hole Compression tests were performed in agreement with the ASTM D6484 [7] . The ASTM D6484 indicates the geometrical features of the testing specimens (width, thickness, transverse section area, hole's diameter) and additional details, to correctly perform the test. An anti-buckling fixture [7] was used to grip the coupon when was in the test machine. The fixture has two assembled grips closed by eight bolts having a closing torque of 7 Nm [7] . The fixture is placed into the test machine between upper and lower plates as suggested by ASTM. The control of displacement was used to perform the tests. The displacement control rate was set to 2 mm/min with 23 N as a preload [7] . The failure that occurred during the OHC test in the specimen ID = 001 is pictured in Fig. 2a . The obtained failure mode for this test is conformed to that reported in the ASTM-D6484. In particular, that specimen highlights the laminate compressive failure (LGM) laterally across the center of the hole (0° dominated ply kinking/ buckling). An example of Force-Displacement curve measured during the test is reported in Fig. 3 . The applied load is measured by the load cell while the displacement is measured by the upper plate of the test machine. Initially, since the handles have not reached the necessary grip, the force measured by the load cell is zero. Subsequently, when reaching the correct grip, the applied load has been correctly measured. In each tests, the maximum strength of the specimen has been evaluated considering the maximum applied load and the gross cross-sectional area, as reported in the following equation:
where: σ max is the ultimate open-hole compressive strength, MPa, P max is the maximum force prior to failure, N, A is the gross cross-sectional area, mm 2 . To find the modulus, one fixed the tangent on the force displacement curve (Fig. 3) , after reaching the correct grip, the modulus has been calculated as a function of the load at a point on the tangent, gross cross-sectional area, the elongation at a point on the tangent and the initial gage length, as follows:
(load at point on tangent) (gross cross-sectional area) Modulus = (elongation at point on tangent) (initial gage length)
.
The test results for every fabric batch with lay-up type A (Specimen ID = AF) are arranged in Table 2 .
The same table results were realized for all the other batch coupons (BF, CF, AUD, BUD and CUD). The overall test results, in terms of maximum stress and modulus, for all the batch of coupons tested at Open Hole Compression, are reported in Table 3 . A comparison must be done between the pairs of specimens AUD-AF, BUD-BF and CUD-CF since they have the same lay-up except the top and bottom laminae, as described in Section 1. The results highlight that, in all the compared pairs of specimens, the unidirectional (UD) have the modulus higher than the fabric (F) ones. Conversely for the ultimate tension, which in the unidirectional specimens was always lower than in the fabric ones.
Filled Hole Tension Tests
The Filled Hole Tension tests were performed in agreement with the ASTM D6742 [8] . The ASTM D6742 indicates the geometrical features of the testing specimens (width, thickness, transverse section area, hole's diameter, dimensions of the filler) and additional details to correctly perform the test. For the Filled Hole Tension test is mandatory the use the filler (pin) inserted into the hole during the execution of the test (Fig. 4) . The tolerance between the hole and the pin of +75/-0 μm was granted, as suggested by the ASTM D6742. As in the OHC, even in these tests the control of displacement was used. The displacement control rate was set to 2 mm/min without preload [8] .
The failure occurred during the FHT test in the specimens having ID 42-56 as pictured in Fig. 5a -b. The obtained failure modes for that tests are conformed to that reported in the ASTM-D6742. In particular, both specimens (unidirectional (42) and Fabric (56)) highlight MGM failure mode reported in the ASTM. For that failure mode, the laminate fails in tension at the hole and exhibits multiple modes of failure in various sublaminates. Extensive splitting and delamination were present. Analogous to what has been done for the OHC, even for the FHT the maximum stress was evaluated by Equation 1. This way the σ max represent the ultimate filled hole tensile strength. The overall test results, in terms of maximum stress and modulus, for all the batch of coupons tested at Filled Hole Tension, are reported in Table 4 . Even in that case, as for the OHC tests, a comparison between the pairs of specimens AUD-AF, BUD-BF and CUD-CF is mandatory, since they have the same lay-up except the top and bottom laminae, as described in Section 1. Conversely to what happened for the specimens tested at OHC, the same specimens tested at FHT highlight that the ultimate tension of the unidirectional coupons were always higher than the fabric ones.
About the modulus, the behavior is strictly connected with the lay-up. In particular, the laminates having lower percentage of fiber oriented at 0° (AUD, AF) highlight a maximum modulus for the unidirectional coupons (AUD), while laminates having higher percentage of fiber oriented at 0° (BUD, CUD, BF, CF) have a maximum modulus for the fabric coupons (BF, CF). In order to bring out the effectiveness of the fabric plies in terms of ultimate strength and modulus, further considerations about the weight reduction are needed. In the manufacturing point of view, the laminates having outer plies in fabric present technological advantages. For example, in the manufacturing process of composite parts where drilling activities are required, the laminates having fabric plies are preferred since they reduce the risk of delamination. Another advantage is the better compressive strength of the specimens having fabric than the unidirectional one, as reported in the last sections. About the tensile strength, instead, the laminates with unidirectional plies are more performant than those having fabric ones. A crucial aspect in aeronautical and aerospace field is the weight. Any structural component is chosen as compromise between the performance and weight. Since the tested batches AF, BF, CF were respectively thinner than the AUD, BUD and CUD with a resulting weight reduction, the Performance/Weight Index (PWI) was introduced in order to estimate contemporarily the performances and the lightness of the structure.
The Performance/Weight index was defined as the ratio between the mean value of ultimate strength in a single batch and its weight per unit of surface.
The results reported in Fig. 6 show that in compressive tests, the PWI in each couple of laminates for the fabric material is always higher than the respective unidirectional one. The PWI increment is about the 12-17%. Such a behavior, not affected by the thickness of the materials analyzed, shows the potential advantage of using a hybrid laminates with respect to unidirectional ones for improving compressive strength.
This PWI index suggests that the presence of fabric plies gives a real and strong contribute to the improvement of the laminate' strength for compressive loads.
The results reported in Fig. 7 show that, in tension tests, the PWI in each couple of laminates for the fabric material is always lower than the respective unidirectional one. The PWI decrement is about the 15-25%. As expected, taking into account the couples of laminates (i.e. AUD and AF), the higher tensile strength values of unidirectional laminates with the respect to the corresponding hybrid ones, are justified by their higher fibers percentage distribution oriented in 0 degree direction.
This PWI index suggests that unidirectional plies give a real and strong contribute to the improvement of the laminate' strength for tensile loads in comparison to the fabric ones.
Conclusion and future developments
The work has presented the experimental procedure, followed in order to compare the performances of composite laminates, totally constituted by unidirectional tape plies, and identical laminates with the two more external unidirectional plies on each side, substituted by a single fabric ply. It is reported a complete description of Open Hole Compression Test and Filled Hole Tension Tests. The experimental results in terms of mechanical strength, evaluated as the maximum value of sigma max, and the elastic modulus have been presented. One proposed a Performance Weight Index PWI, which makes it possible to normalize the performance of each laminate in relation to its weight. In conclusion, for compressive loads the activity shows that laminates with external plies in fabric have always better performance of strength as compared to the laminates composed only by unidirectional tape, and that this improvement is more evident when a normalization on the weight is introduced, considering the PWI evaluation. For the components subjected only to compressive loads, the use of materials with external plies in fabric is strongly favorable for the major strength for weight/unit of surface (higher PWI) and for the technological advantage in the manufacturing process of the composite piece. On the contrary, for components subjected to the tension loads the activity shows that laminates with external plies in fabric have always poor performance of strength (lower PWI) compared to the respective laminates, composed only by unidirectional. Future developments of the activity are the extension of the experimental campaign to other type of test, i.e. bearing tests and the evaluation of the strength, through statistical instruments as A-B-Basis Allowable [9] that is an useful information in the design phase. Besides A-B-Basis Allowable, gained by experimental results, will be compared with those obtained by a virtual testing procedure as affirmed in [10] . 
